Electronic Version 
Stylesheet Version vl.1.1 

Description 



[HOLE DRILLING METHOD AND 

APPARATUS] 

Background of Invention 
[ooo 1 ] Field of the Invention 

[0002] The present invention is directed toward a method and 

apparatus for drilling holes in a printed circuit board (PCB) 
using a laser beam, and more particularly to a method and 
apparatus for drilling through-holes in PCBs for installing 
surface mount technology components, face plates, back- 
plane connectors and fasteners. 

[0003] Background of the Invention 

[0004] Conventionally, holes such as through-holes in printed 

circuit boards are formed using mechanical drills. The cir- 
cuit and I/O pin densities of current semiconductor tech- 
nologies drive a concomitant increase in PCB wiring den- 
sity to accommodate the large number of I/O signals per 
integrated circuit. Considering the physical constraints of 



PCBs, the through-holes used to install surface mount de- 
vices begin to represent a significant amount of area that 
becomes unavailable for wiring. 
[0005] However, if a mechanical drill is made thinner, the dura- 
bility and reliability of the mechanical drill is compro- 
mised, and undesirable excursion or runout of the center 
axis upon rotation of the mechanical drill becomes an is- 
sue. Further, the cost of mechanical drill equipment in- 
creases markedly for the fine precision bits and methods 
required for PCB hole drilling. Lastly, formation of small 
diameter through-holes using mechanical drills may cause 
deformation of the holes and breakage of the mechanical 
drills, resulting in increased hole drilling costs and manu- 
facturing time. 

[0006] Current examples of PCB drilling methods include laser 
processing. The formation of the holes is carried out us- 
ing a hole drilling apparatus incorporating a laser beam 
such as, for example, a carbon dioxide (C0 2 ) laser beam 
or an ultraviolet (UV) excimer laser beam. A PCB is placed 
on a moveable platform that can be positioned for drilling 
a hole. Positioning and focus of the laser beam is accom- 
plished by adjusting a series of lenses and mirrors incor- 
porated in the laser apparatus. The laser beam passes 



through the center of a condenser lens and is perpendicu- 
larly irradiated on the PCB. The laser beam is focused with 
two collimator lenses CL, and the diameter of the laser 
beam is adjusted using a mask. 

[0007] As illustrated in Fig. 8A and 8B, one drawback with prior 
art laser processing is that some of the energy of the laser 
is absorbed by the PCB causing the beam to taper as it 
traverses through the PCB. The tapering of the laser in 
turn causes unequal diameters at the incident and outgo- 
ing surfaces of the PCB. 

[0008] Metal plating is sometimes applied to a side wall of the 

hole to mitigate the tapering effect, however, since the di- 
ameter of the bottom portion is small, the plating liquid 
may become more resistant to flow and failing to adhere 
properly to the PCB. Particularly, since through-holes are 
longer than via holes, there arise more cases where plat- 
ing can not be achieved. 

[0009] a processing method for preventing tapering of a hole is 
disclosed in Japanese Patent No. JP-A-H03-151182, 
wherein a focus position of a laser beam is raised and 
lowered, or a laser beam is rotated. By raising and lower- 
ing the focus position or rotating the laser beam, it is 
possible to increase a spot diameter of the laser beam. By 



increasing the spot diameter, the piercing diameter is in- 
creased so that there is no difference between the cutting 
width and the piercing diameter when switching from 
piercing to cutting. Upon switching the processing condi- 
tion, it is possible to prevent burning in which molten 
metal flows out of the PCB at a particular point in pro- 
cessing. 

[0010] since the diameter of the hole formed becomes greater 
when the focus position is lowered than when the focus 
position is raised, a straight hole cannot be formed only 
by raising and the lowering the focus position. If the laser 
beam is rotated, a focus from a board is also rotated, as 
seen from Fig. 3 of Japanese Patent No. JP- 
A-H03-151182 so that the entire hole diameter is in- 
creased. However, since the laser beam is irradiated on 
the PCB perpendicularly thereto, energy of the laser beam 
is absorbed by the board, and therefore, a straight hole 
can not be formed even if the whole hole diameter is in- 
creased. 

[° 01 1 ] Conversely, Japanese Patent No. JP-A-H07-284975 dis- 
closes a method of forming a tapered hole with a laser by 
changing the angle of incidence of a laser beam with re- 
spect to the surface being irradiated. By irradiating a PCB 



from multiple directions at different angles with an ex- 

cimer laser, the tapered hole is formed. 

[° 012 ] In the method of Japanese Patent No. JP-A-H07-284975, 

a straight hole is drilled by single irradiation of the ex- 

cimer laser beam. Although it is effective in forming the 

tapered hole by changing the angle of the excimer laser 

beam, the straight hole can not be formed. 
Summary of Invention 

[0013] Summary of the InventionThe present invention utilizes 

the property that a laser beam is tapered when it is irradi- 
ated onto a flat surface, and applies the laser beam 
obliquely to the board, i.e. not perpendicularly thereto. By 
applying the laser beam obliquely, part of a tapered por- 
tion of the laser beam becomes perpendicular to the 
board. By applying the laser beam from a plurality of di- 
rections, diameters of top and bottom portions of a 
formed hole are made equal to each other so that a 
straight hole can be formed. 

[0014] Further, when forming multiple through-holes in one 

board, a laser beam is irradiated with respect to the de- 
sired pattern of multiple holes in turn so that temperature 
elevation of the holes can be suppressed. Consequently, 
carbonization of inner walls of the holes or generation of 



plasma in the holes is avoided. 

[0015] one aspect of the present invention is to provide an appa- 
ratus and method for drilling a hole in a PCB with an ex- 
cimer laser such that the diameter is equal for the top and 
bottom portions of the hole. 

[0016] The method for drilling a hole in a PCB according to the 
present invention includes the following steps: (a) irradi- 
ating a laser beam on a surface of a PCB from a direction 
perpendicular thereto to thereby drill a hole in the board; 
(b) irradiating a laser beam into the hole from a direction 
inclined at a predetermined angle relative to the perpen- 
dicular direction; and (c) repeating step (b) until diameters 
of a top portion and a bottom portion of the hole become 
substantially equal to each other. When a laser beam is ir- 
radiated perpendicularly to the board, a tapered hole is 
drilled in the board. By applying a laser beam to the board 
obliquely at a predetermined angle, the tapered portion of 
the laser beam becomes perpendicular to the board. The 
predetermined angle is an angle inclined from about 2 to 
5 degrees measured from a direction perpendicular to the 
board. By applying a laser beam to the board obliquely 
from a plurality of directions, a hole with equal diameters 
of the top and bottom portions may be formed. 



[0017] Another aspect of the invention is directed toward a 

method for drilling multiple holes in a PCB using the fol- 
lowing steps: (a) irradiating a laser beam that is perpen- 
dicular to the PCB surface in a number of predetermined 
positions to drill multiple holes in the PCB; (b) irradiating 
a laser beam into the holes drilled in a number of prede- 
termined positions in turn from a direction inclined at a 
predetermined angle relative to the perpendicular direc- 
tion; and (c) repeating step (b) until the diameters of the 
top portion and the bottom portion of each of the holes 
become substantially equal. 

[0018] when forming multiple holes in the PCB, a laser beam is 
first irradiated at a number of predetermined positions on 
the PCB. Initially, each hole drilled in this manner will ex- 
hibit unequal diameters in the top and bottom portions of 
the hole. In the next step, a PCB is irradiated multiple 
times with a laser in a predetermined sequence of angles 
to eliminate the tapered segments of the hole and thereby 
equalize the diameters of the top and bottom portions of 
each hole. The predetermined angle is an angle inclined 
from about 2 to 5 degrees measured from a direction per- 
pendicular to the PCB. In step (c), the laser beam is irradi- 
ated while changing a laser beam irradiation position 



along the circumferential direction of each hole. 

[0019] still another aspect of the present invention is directed to- 
wards a method of drilling a hole in a PCB using the fol- 
lowing the steps: (a) irradiating a laser beam on a surface 
of a PCB from a direction inclined at a predetermined an- 
gle relative to the perpendicular of the surface of the 
board, in a number of predetermined positions on the 
board in turn to thereby drill a plurality of holes in the 
board; and (b) repeating step (a) until the diameters of the 
top bottom portions of each of the holes become sub- 
stantially equal. The holes are formed by performing laser 
irradiation only from the inclined directions, i.e. without 
performing laser irradiation in the perpendicular direction. 

[0020] a hole drilling apparatus of the present invention includes 
an oscillator producing a laser beam for drilling a hole in a 
PCB; a lens through which the laser beam passes and 
which determines the angle of the laser beam relative to 
the board depending on a laser beam passing position of 
the lens; and a mirror changing the laser beam passing 
position of the lens depending on the number of times the 
PCB has been irradiated. The present invention changes 
an angle of a laser beam produced by the oscillator rela- 
tive to the PCB by the use of the lens and the mirror. By ir- 



radiating the laser beam obliquely to the PCB, a straight 

hole is formed. 
Brief Description of Drawings 

[0021] pigs. 1A to ID illustrate a hole drilling method of the 

present invention, wherein Fig. 1A shows a laser beam ir- 
radiated perpendicularly, Fig. IB shows a laser beam irra- 
diated obliquely, Fig. 1C shows a laser beam irradiated 
obliquely in a direction different from that in Fig. IB, and 
Fig. ID shows a completely formed hole; 

[0022] pig. 2 illustrates a structure of a hole drilling apparatus of 
the present invention; 

[0023] Fig. 3A is a plan view showing a condenser lens, wherein 
an outer peripheral portion thereof is identified by hatch- 
ing; 

[0024] Fig. 3B shows the inclination of laser beams relative to the 
condenser lens; 

[0025] Figs. 4A to 4C show a method of forming a plurality of 
holes, wherein Fig. 4A is the diagram in which a laser 
beam is applied to the holes in turn, Fig. 4B is the diagram 
in which a laser beam is further applied to the holes in 
turn, and Fig. 4C is the diagram in which a laser beam is 
still further applied to the holes in turn; 

[0026] Fig. 5 illustrates the temperature variation of each of the 



holes and timing of laser irradiation when the holes are 
formed by the method shown in Figs. 4A to 4C; 

[0027] pig. 6 shows a method of irradiating a laser beam with re- 
spect to a plurality of holes in turn, and carrying out 
trepanning in each of the holes; 

[0028] pig. 7 depicts a laser beam at an inclined angle and the 

effect of a condenser lens on the angle of incidence of the 
laser beam with respect to a printed circuit board; and 

[0029] Figs. 8A and 8B show a conventional hole drilling method, 
wherein Fig. 8A illustrates a laser beam irradiated perpen- 
dicularly, and Fig. 8B illustrates the finished drilled hole. 
Detailed Description 

[0030] jhe present invention is directed toward a method and 

apparatus for drilling a hole in a PCB with a uniform diam- 
eter. As shown in Fig. 3B, the position at which a laser 
beam 10 passes through a condenser lens 16 is changed 
with the adjustment of a pair of Calvano mirrors GM, 
which then adjust an incident angle of the laser beam 10 
relative to a PCB 12. A hole drilling apparatus 23 shown in 
Fig. 2 includes angle adjustment device 34 for adjusting 
the angles of the Galvano mirrors GM. The angle of the 
laser beam 10 relative to the board 12 changes depending 
on the number of times the PCB 12 board has been irradi- 



ated by the laser. Changing the position of the condenser 
lens 16 through which the laser beam 10 passes is ac- 
complished by adjusting the angles of the Galvano mirrors 
GM. 

[0031] For PCB 12 with a thickness of, for example, 0.4mm, the 
diameter of the laser beam forming the hole is adjusted in 
the range of from about 50 to 100 microns. This process 
employs a carbon dioxide laser beam or an ultraviolet 
laser beam. With collimator lenses CL and a Mask 15, the 
diameter of the laser beam 10 is adjusted in the range of 
from about 50 to 100 microns. In the laser irradiation 
step, the number of pulses of the laser beam 10 in one ir- 
radiation is optional, for example, one, and the frequency 
of the oscillator 32 producing the pulses is, for example, 
about 1kHz. 

[0032] As shown in Fig. 1A, a first laser beam 10a is perpendicu- 
larly irradiated on the board 12 by adjusting the angles of 
the two Galvano mirrors GM so that the first laser beam 
10a passes through the center of the condenser lens 16. 
Because some of the energy of the laser beam 10 is ab- 
sorbed by the board 12, the first laser beam 10a is ta- 
pered as it penetrates the surface of the PCB 12. There- 
fore, a hole drilled by irradiation of the first laser beam 



10a exhibits a smaller diameter in the lower portion of the 
hole and a larger diameter in the top portion of the hole. 
For example, if the diameter fl of the top portion of the 
hole is 60 microns, the diameter f2 of the bottom portion 
may be reduced by as much as 30 microns, effectively 
halving the diameter of the bottom portion. To clarify fur- 
ther, the top portion of the hole is the incident side which 
the laser beam 10 initially penetrates. 
[0033] Then, as shown in Fig. IB, a second laser beam 10b is ir- 
radiated on the PCB 12 at an oblique angle by adjusting 
the angles of the Galvano mirrors GM with the angle ad- 
justment device 34 such that the second laser beam 10b 
passes through an outer peripheral portion of the con- 
denser lens 16. 

[0034] a s shown in Fig. 3A, an outer peripheral portion 18 of the 
condenser lens 16 is, for example, a portion of the con- 
denser lens 16 radially outward from a concentric circle 
having a radius that is half the radius of the condenser 
lens 16. When the angles of the Galvano mirrors GM are 
adjusted so that the laser beam 10 passes through the 
outer peripheral portion 18, the laser beam 10 is inclined 
relative to the board 12 as shown in Fig. 3B. The angle of 
the laser beam 10 relative to the PCB 12 is from about 



87to 88degreesmeasured from the planar surface of the 
PCB 12 when the laser beam 10 passes through the 
neighborhood of a middle point A of a segment directed 
radially outward from the center O of the condenser lens 
16 shown in Fig. 3A; and from about 85to 86 degrees 
measured from the planar surface of the PCB 12 when the 
laser beam 10 passes through the neighborhood of the 
outer periphery B of the condenser lens 16. 

[0035] when PCB 12 is irradiated, some laser energy is absorbed 
by the PCB 12 causing the laser beam 10 to become ta- 
pered as it passes through the PCB 12. As shown in Fig. 
IB, the second laser beam 10b is inclined such that the 
tapered portion of the second laser beam 10b is now per- 
pendicular to the board 12. The angle ql of the second 
laser beam 10b relative to the PCB 12 is from about 85to 
88 degrees measured from the planar surface of the PCB 
12. A portion of the hole drilled by irradiation of the sec- 
ond laser beam 10b inclined relative to the perpendicular 
of PCB 12 forms an inner wall perpendicular to PCB 12 
that is not tapered. 

[0036] As further shown in Fig. 1C, a third laser beam 10c is ap- 
plied obliquely from an opposite direction relative to that 
in Fig. IB. The angle q2 of the third laser beam 10c is 



from about 92 to 95 degrees measured from the planar 
surface of the PCB 12. 
[0037] The diameters of the top and bottom portions of the hole 
can not be fully equalized by irradiating the laser beam 10 
inclined relative to the PCB 12 from two directions. There- 
fore, the laser beam 10 is applied repeatedly from a plu- 
rality of directions by adjusting the angles of the Galvano 
mirrors GM. This is accomplished through successive ad- 
justment of the position of the condenser lens 16 through 
which the laser beam 10 passes. The laser beam 10 is ir- 
radiated from a plurality of directions at an angle of from 
about 2 to 5 degrees from the perpendicular direction rel- 
ative to the PCB 12. Using this method, a hole 14 formed 
by the repeated application of the laser beam 10 exhibits 
substantially uniform diameter throughout with no ta- 
pered segments as shown in Fig. ID. That is, the diame- 
ters of the top and bottom portions of the hole 14 be- 
come substantially equal to each other so that a straight 
hole 14 is formed. Although the laser beam 10 is irradi- 
ated obliquely from a plurality of directions in the forego- 
ing description, the direction of the laser beam 10 may be 
changed so that irradiation positions of the laser beam 10 
describe a circle. By implementing the foregoing pro- 



cesses, the diameters of the top and bottom portions of 
the hole 14 become equal to each other, and therefore, 
plating on a side wall of the hole 14 can be reliably 
achieved. 

[0038] Typically, a plurality of through-holes are provided for 
one PCB 12. This configuration is illustrated Figs. 4A 
through 4C. Holes 14a, 14b, 14c, and 14d are formed in a 
single PCB 12. In the progression shown in Fig. 4A, a first 
laser beam 10a is irradiated on the PCB 12 at different 
positions, in turn, where the holes 14a, 14b, 14c, and 14d 
are drilled. The first laser beam 10a is irradiated on the 
board 12 perpendicularly thereto. Each hole drilled in this 
manner is tapered at the bottom. For the situation where 
each tapered hole is not completely drilled by one laser ir- 
radiation, the process is repeated until the PCB 12 is per- 
forated. 

[0039] | n the progression shown in Fig. 4B, a second laser beam 
10b is irradiated on the PCB 12 at an oblique angle to re- 
move the tapered portion of each hole. The second laser 
beam 10b is applied to the holes 14a, 14b, 14c, and 14d 
in turn. 

[0040] | n the progression shown in Fig. 4C, a third laser beam 

10c is used to irradiate the hole from a different direction 



from that shown in Figs. 4A and 4B. The third laser beam 
10c is similarly applied to the holes 14a, 14b, 14c, and 
14d in turn. 

[0041] Subsequent to the progression shown in Fig. 4C, the laser 
beam 10 is likewise irradiated obliquely on the PCB 12 
and applied in sequence to holes 14a, 14b, 14c, and 14d. 
Specifically, irradiation of the inclined laser beam 10 is 
successively carried out from one direction with respect to 
holes 14a, 14b, 14c, and 14d in turn while changing the 
direction of the laser beam 10 at each step. In Fig. 2, the 
PCB 12 is placed on a stage (not shown), and the stage is 
moved to displace a position of the PCB 12 for drilling the 
plurality of holes 14a, 14b, 14c, and 14d. Laser irradiation 
from an oblique direction is repeated until the holes 14a, 
14b, 14c, and 14d are formed. 

[0042] jo form a series of through-holes, the laser beam 10 irra- 
diates the PCB 12 in a series of iterative pulses moving 
from one hole location to the next in sequence. The laser 
beam 10 does not necessarily perforate the PCB 12 on the 
first iteration. As shown in Fig. 5, even if the local temper- 
ature of the PCB 12 near each of the holes 14a, 14b, 14c, 
and 14d rises during one laser irradiation, it is cooled for 
a period not less than one interval of laser irradiation as 



between two distinct holes. This interval of time ensures 
that no carbonization of the PCB 12 will occur that would 
otherwise be caused by generation of plasma or tempera- 
ture elevation. The diameters of the top and bottom por- 
tions of the holes 14a, 14b, 14c, and 14d are also equal- 
ized to each other. 
[0043] Another aspect of the invention is directed towards a 

method of forming a plurality of holes each having a di- 
ameter greater than the diameter of the laser beam 10 in 
one PCB 12. As shown in PROCESS 1 of Fig. 6, a first laser 
beam is irradiated on the PCB 12 at different locations to 
drill small holes 20a. The first laser beam is applied 
obliquely to the PCB 12 such that part of a tapered portion 
of the first laser beam becomes perpendicular to the PCB 
12. The formed small hole 20a is smaller than the target 
hole 22. 

[OO 44 ] As shown in PROCESS 2, 3 and 4 the small holes 20a, 20b, 
20c, and 20d are formed by irradiation of a second, third, 
and fourth laser beam. In each case, the laser beam 10 is 
applied obliquely to the PCB 12 with respect to the plural- 
ity of holes 22 in a series of steps. 

[0045] if each of the small holes 20a, 20b, 20c, and 20d pene- 
trating the PCB 12 can not be drilled through one laser ir- 



radiation, PROCESSES 1, 2, 3, and 4 are performed repeat- 
edly until the small holes 20a, 20b, 20c, and 20d pene- 
trate the PCB 12. Specifically, to form multiple holes 22, 
laser irradiation is successively carried out from one di- 
rection with respect to the holes 22 while changing the 
direction of the laser beam 10 with respect to each of the 
holes 22. The small holes 20a, 20b, 20c, and 20d are 
drilled so as to be continuous with each other. Until the 
holes 22 are formed, laser irradiation from an oblique di- 
rection is repeated. 
[0046] For each PROCESS shown in Fig. 6 the location on the PCB 
to which the laser beam 10 is applied is changed with re- 
spect to each of the holes 22. The laser beam is not irra- 
diated continuously with respect to each of the holes 22, 
but irradiated in sequence with respect to the plurality of 
holes 22. Since there is discrete time interval in laser irra- 
diation with respect to each of the holes 22, it is possible 
to suppress local temperature elevation in and near the 
holes 22. In this manner, generation of plasma in the 
holes 22 or carbonization of the board is avoided. Further, 
by applying the laser beam 10 obliquely to the board 12 
so as to cause a tapered portion of the laser beam 10 to 
be perpendicular to the board 12, it is possible to form 



each hole 22 with an equal diameter on the incident and 
outgoing sides of the PCB 12. 

[0047] | n pig. 6, each hole 22 is formed by the four small holes 

20a, 20b, 20c, and 20d. However, the number of the small 
holes is not limited to four. 

[0048] As shown in Fig. 3B, the angles of the Galvano mirrors GM 
are adjusted to change the point on the condenser lens 16 
through which the laser beam 10 passes. However, as 
shown in Fig. 7, the angle of the condenser lens 16 may 
also be independently adjusted. The angle of the con- 
denser lens 16 is adjusted depending on the number of 
times of irradiation of the laser beam 10. Further, the an- 
gle and position of the laser beam 10 relative to the board 
12 may be altered by changing the angles of both the Gal- 
vano mirrors GM and the condenser lens 16. 

[0049] pig. 6, illustrates the procedure for drilling multiple 

through-holes 22 using a laser with a diameter less than 
the hole to be drilled. When drilling the small holes 20a, 
20b, 20c, and 20d, the laser beam 10 is applied obliquely 
to the board 12 such that the diameters of the top and 
bottom portions of the hole 22 are made equal to each 
other. 

[0050] while the invention has been described in detail, the fore- 



going description is in all aspects illustrative and not re- 
strictive. It is understood that numerous other modifica- 
tions and variations can be devised without departing 
from the scope of the invention. For example, the first 
laser beam 10a is irradiated perpendicularly to the board 
12 in Figs. 1A and 4A. However, the hole 14 may be 
formed only by laser irradiation inclined relative to the 
board 12, i.e. without irradiating the first laser beam 10a 
perpendicularly. 



